Background: Urothelial bladder cancer (UBC) is a highly prevalent disease in North America, however its optimal management remains elusive. The contribution of B cell associated responses is poorly understood in bladder cancer. Lymphoid neogenesis is a hallmark of an active immune response at tumor sites that sometimes leads to formation of tertiary lymphoid structures (TLS) that resemble germinal centers formed in secondary lymphoid organs. Objective: This study was conducted with an aim to investigate the presence and characteristics of TLS in UBC with a focus to compare and contrast the TLS formation in treatment naive low grade non-muscle invasive (NMIBC) and muscle invasive bladder cancers (MIBC). Methods: The study cohort consisted of transurethral bladder resection tumour (TURBT) specimens from 28 patients. Sections showing lymphoid aggregates in hematoxylin and eosin (H&E) stained TURBT specimens were further subjected to multi-color immunohistochemistry using immune cell markers specific to CD20 + B cells, CD3 + and CD8 + T cells, PNAd + high endothelial venules, CD208 + mature dendritic cells, CD21 + follicular dendritic cells to confirm the hallmarks of classical germinal centers. Results: Our pilot study investigating the presence of TLS in bladder cancer patients is the first to demonstrate that well-formed TLS are more common in aggressive high grade MIBC tumors compared to low grade NIMBC. Conclusions: These novel findings suggest B cell mediated anti-tumour humoral immune responses in bladder cancer progression.
INTRODUCTION
Urothelial bladder cancer (UBC) is the most common urinary tract malignancy and the fifth most common cancer worldwide with a high incidence in North America. In 2012, 330,400 new cases were diagnosed with UBC with an estimated 123,100 cases predicted to die of the disease. These statistics have only minimally changed over the past decade [1] . The prevalence of the disease, as well as its high recurrence rates and the need for close follow-up surveillance makes this one of the most management intensive and expensive cancers in North America. The majority of UBCs at initial presentation are superficial to the muscularis propria of the bladder (NMIBC) and are confined to the mucosa (stage Ta, Tis) or submucosa (stage T1) [2] . Intravesical instillation with attenuated Bacillus Calmette-Guerin (BCG) has been a gold standard and most effective adjuvant therapy in NMIBC to decrease recurrence and progression to muscle invasive disease for those at higher risk [3] . In contrast, high grade muscle invasive bladder cancer (MIBC) carries much worse prognosis despite aggressive treatment that optimally includes radical cystectomy with peri-operative chemotherapy.
Urothelial bladder cancer investigations have had a strong linkage to tumour immunology, especially given that BCG immunotherapy has been central to NMIBC management for over forty years. Significant efforts in cancer immunology have been directed towards the association of tumour infiltrating lymphocytes (TILs) with disease prognosis, a feature that is of both prognostic and predictive relevance across cancers [4, 5] . Towards this end recent reports on immunopathological evaluation of tumours have provided significant amount of evidence for similarities in specific spatiotemporal associations of TILs within the tumour microenvironment (TME) across different cancer types [6] . Given their key roles in anti-tumour immunity and therapeutic implications, most efforts have been made to evaluate the cytotoxic CD8 + TIL populations across cancers which has contributed to the development of prognostic indicators such as the "Immunoscore" in addition to the successful therapeutic exploitation by immune checkpoint blockade therapies [7, 8] .
Chronic inflammation and/or persistent antigen exposure leads to cellular accumulations within nonlymphoid areas of inflammation where lymphoid neogenesis (or lymphoid neo-organogenesis) can initiate. In secondary lymphoid organs, germinal centers (GC) are specialized areas where B cells (primary mediators of humoral immune response) diversify themselves, post antigenic challenge, in order to achieve highest affinity towards an antigen [9] . Memory B cells and antigen specific high affinity antibody producing plasma cells are thus generated. Similar to these, persistent antigenic stimulation in non-lymphoid tissue leads to formation of structures called 'ectopic' or tertiary lymphoid structures (TLS), which resemble germinal center areas located in secondary lymphoid organs such as spleen and lymph nodes [10] . It is also established that these two forms of lymphoid aggregates bear significant similarities despite their distinct origins, location and programming. The canonical lymphoid aggregates arise during ontogeny whereas the ectopic aggregates arise due to factors such as chronic inflammation and persistent antigen exposure. These extra-nodal sites of adaptive immunity are most common in autoimmune (rheumatoid arthritis) or inflammatory conditions [10, 11] .
Recently TLS have gained attention due to their associations with prognosis in certain cancers [12] [13] [14] . Intra-tumoural TLS have been widely reported in colorectal and ovarian cancers and are suggestive of ongoing B cell expansion. In most cancers, TLS are associated with a favorable prognosis [15] [16] [17] . It must be noted that TLS are also speculated to be a mere bystander effect of inflammation within the TME and not as an active participant in mediating anti-tumour immune response in certain cancer sites [12, 18] . Interestingly, a recent study on hepatocellular carcinoma describes these TLS as micro niches supporting tumour cell growth and survival [19] . TLS mimicking features of a canonical GC reaction, within an inflamed tissue and cancer are evidence supporting active adaptive immunity triggered within the tumor microenvironment.
Bladder tumours are associated with extensive lymphocytic infiltration and, given the role of immunotherapy in both localized and systemic disease, it would appear to be a good model to study the immunopathological distributions of adaptive immune cells. It is widely accepted that lower grade NMIBC is biologically distinctive from higher grade MIBC, with significant differences in oncogenic drivers of the disease and with clinical outcomes. Therefore, it is of great interest to compare and contrast the tumor microenvironment, including the tertiary lymphoid structures that are representative of anti-tumour humoral responses, in these two divergent stages of UBC. This is the first study to investigate the presence and characteristics of TLS in UBC with a focus to compare and contrast the TLS formation in treatment naïve, low and high grade bladder tumours. 
ETHICS AND PATIENT SAMPLES

HISTOLOGY AND IMMUNOHISTOCHEMISTRY
Hematoxylin and Eosin (H&E) stained FFPE sections of the TURBT specimens were examined by a pathologist (A.X; K.R; DB) to identify lymphoid aggregates resembling TLS. We defined TLS as those that morphologically resembled lymphoid aggregates in the lymph nodes, which contain B cell rich areas with well-defined mantle zone and other associated immune cells. One representative slide was selected for immunohistochemistry (IHC). Multicolour IHC was performed as previously described by Kroeger and colleagues [20, 21] at the Deeley Research Center (BC cancer agency, Canada). IHC was performed on 5m thick FFPE sections as previously described [20, 21] on the Intellipath FLX Automated Staining system, using mouse antihuman CD20 (1 : 500 dilution, clone L26, Biocare Medical), rabbit anti-human CD3 (1 : 250 dilution, clone SP7, Spring Biosciences), mouse anti-human CD8 (1 : 300 dilution, C8/144B, Cell Marque), rat anti-human CD208 (1 : 100, clone 1010E1.01, Novus Biologicals), rat anti-human PNAd (1 : 100 dilution, MECA-79, Biolegend) and mouse anti-human CD21 (1 : 100 dilution, clone 2G9, Biocare Medical) antibodies. Multispectral images of stained sections were captured using the PerkinElmer Vectra system. The selected H&E slide were scanned with Aperio ScanScope software (Leica Biosystems) and analyzed by a pathologist.
RESULTS
Evaluation of TLS in a cohort of 28 bladder cancer cases using multicolor IHC revealed their distinct organizational and developmental stages (Fig. 1) . We followed the recently reported classification criteria for lymphoid aggregates based on size, cellular composition and degree of organization to define the types of TLS in the cohort under study [21] . Type 1 aggregates are small, compact, T-cell predominant lymphoid aggregates without apparent follicular structures. Type 2 aggregates are larger, and also T cell predominant with few CD20 + B cells lacking follicular structures. Type 3 aggregates contain well-formed TLSs containing CD20 + B cells and a network of CD21 + interdigitating follicular dendritic cells (fDCs), in addition to an abundant population of T cells surrounding the GCs. Type 4 aggregates contain very few T-cells, but have well-formed GCs containing CD20 + B cells and CD21 + fDCs. In our study, we defined TLS as lymphoid aggregates with well-formed GCs, which included Type 3 and Type 4 lymphoid aggregates similar to those described in ovarian cancer by Kroeger and colleagues [21] .
TLS were present in only 1 (8%) of the 12 NMIBC tumours. In the remaining 11 of these tumours without TLS, we observed focal lymphoid aggregates without well-defined GC (Fig. 2 ) in 7 cases and no lymphoid aggregates in the remaining 4. In contrast, we observed TLS in 10 (62%) of the 16 MIBC cases (Fig. 3) . Three of the remaining 6 MIBC cases contained focal lymphoid aggregates.
To further characterize the lymphoid structures observed in H&E stained sections, we used a previously described [21] 6-colour IHC panel that enabled simultaneous detection of CD20 + B cells, CD3 + and CD8 + T cells, CD21 + fDC, CD208 + activated conventional DC, and PNAd + high endothelial venule (HEV)-like vessels. All TLS identifiable as lymphoid aggregates by H&E were confirmed by IHC to contain well-defined follicular structures with GC highlighted by CD20 + B cells and CD21 + fDC networks surrounded by a varying number of CD3 + and CD8 + T-cells. In addition, IHC revealed follicular structures highlighted by CD21 + fDC networks that were not apparent by H&E stain in 2 patients from the MIBC group, and 3 patients from the NMIBC group (Fig. 3 A-E) . Integrating the findings by H&E histology and immunohistochemistry, TLS was present in 3 of the 12 patients (25%) from the NMIBC group, in contrast to 12 of 16 patients (75%) from the MIBC group (Table 1) . Furthermore, IHC also helped to highlight the organization of CD20 + B cells amongst the lymphoid aggregates and lymphocytic infiltrates reflecting a GC like distribution. Clusters of B cells were identified in 13 of 16 tumours (81%) from the MIBC group, and in 9 of 12 tumours (75%) from the NMIBC group. In the MIBC group, all 13 tumours with CD20 + B cell clusters are associated with IHC identifiable follicular structures. In contrast, of the 9 from the NMIBC group with CD20 + B cell clusters, only 3 had associated follicular structures.
Following confirmation of classical architectural characteristics of a TLS we performed histomorphometric analysis, to determine the qualitative features, of the pre-existing state of the TME [8] . Bladder cancers are understudied with regard to their immune cell distribution patterns and their association with prognosis. In the current study we evaluated the adaptive immune cell phenotypic distributions in low grade NMIBC and high grade MIBC. However, based on a limited cohort of 28 cases, our study revealed novel characteristics of TILs and thus establishes the presence of TLS in bladder tumours in addition to their significant association with MIBC. TLS containing [22, 23] . In ovarian, colorectal, breast and lung cancer, intra-tumoural B cells or those located within organized TLS are associated with favorable outcomes suggesting there anti-tumour role whereas their increased numbers are negatively correlated with melanoma, prostate, renal cell and hepatocellular carcinoma prognosis [16, 19, 24] . In these cancers where TLS are associated with poor prognosis it is speculated that these could act as the microniches providing a source of the complex cytokine factors required for tumour cell survival [19] . The underlying mechanisms driving TLS formation in tumour sites are currently an area of active research. Due the tissue fragmentation inherent to the TURBT procedure, it is difficult to determine the precise distribution of the lymphoid aggregates in this cohort. Qualitative observation showed that the lymphoid aggregates are present in fragments both within and without tumour. The differences in fragmented TURBT specimen size between T2HG and TaLG cases can be a potential source of confounding bias, and was adjusted by calculating the average tissue volume present in the FFPE tissue block from which the representative histology section was generated. T2HG cases more frequently contained well-formed TLS in higher numbers compared to TaLG cases despite containing lower tissue volumes on average. Future studies investigating cystectomy specimens would improve our understanding of the topographic distribution of TILs and TLS in UBC. The peritumoral as well as stromal locations of TLS seen in the current study suggest that factors intrinsic to the tumour might contribute to evasion of immune cell effector functions. This could represent a continuous spectrum of stages in TLS formation. Accordingly, the focal lymphoid aggregate present in 7 of the 12 TaLG NMIBC patients may represent an early, less developed form of TLS, a notion which is supported by the presence of CD20 + B cells in these cases. Furthermore, the degree of TLS formation and maturity may be associated with aggressiveness of the disease and the severity of stromal inflammatory response it evokes. It could be further also be speculated that the enrichment or evolution of tumour neo-epitopes during advancement to aggressive disease stages is permissive to maturation of B cell receptors within these intra-tumour TLS. These questions can be ideally addressed by characterizing the antibodies secreted from the B cells isolated from fresh tumour specimens, in conjunction with confirmation of other features associated with events such as somatic hypermutation and antibody affinity maturation.
A limitation of our study is the small number of cases. However, the identification of B cell infiltrates not associated with follicular structures in TaLG NMIBC is novel and provides a basis to further explore their possible associations with prognosis in NMIBC. An in depth analysis to understand the mechanistic basis of TLS formation in bladder tumours is necessary towards their therapeutic exploitation. It is also necessary to assess the spatiotemporal dynamics of other immune cells in the tumour microenvironment in the context of response to BCG immunotherapy with recent reports on their distinct association with poor prognosis in bladder tumours [25] . The prognostic relevance of B cells in NMIBC thus confirmed could lead to diagnostic and prognostic tools that can be incorporated at the time of TURBT with subsequent administration of additional therapies on the selected patients.
CONCLUSIONS AND FUTURE PERSPECTIVE
This is the first study reporting the presence of TLS in bladder tumours with novel insights into their stages associated with tumour grade. The features of stages associated with development of and wellformed TLS are not readily identifiable by H&E and could only be confirmed by a multicolor IHC. An in depth evaluation of B cells isolated from these tumours will reveal novel information on neoepitopes that are putatively seen by these B cells to confirm their functional roles in UBC as well as their therapeutic implications. Future investigations in larger cohorts is warranted to confirm the association between TLS, disease recurrence and overall survival to evaluate their prognostic relevance in bladder cancer.
